The risk of periprosthetic joint infection from hematogenous bacterial seeding is increased in patients undergoing dental procedures that facilitate the development of bacteremia.
INTRODUCTION
Periprosthetic joint infection is the most common and severe complication following joint replacement. There are many prophylactic methods for decreasing the incidence of surgical site infection; however, late infection due to bacteremia remains difficult to diagnose and treat.
The risk of periprosthetic joint infection from hematogenous bacterial seeding is increased in patients undergoing dental procedures that facilitate the development of bacteremia [1] [2] [3] . Although it was previously recommended that patients with major joint prostheses receive antibiotic prophylaxis appropriate to the flora of the oral cavity when dental treatment is undertaken [4, 5] , this practice is controversial [6, 7] . The incidence of infection in site of joint replacements due to hematogenous seeding from dental procedures has been reported to be 0.04-0.1% in reviews [7] , and there are many case reports concerning such patients [8] [9] [10] .
However, there are few reports regarding metastatic infections of site of joint replacement by oral bacteriain patients without a history of dental procedures. We here in report the case of a patient without a history of dental procedures who suffered from an acute metastatic infection of a hip prosthesis by the oral bacteria Streptococcus mutans, 18 months after undergoing revision total hip arthroplasty (THA).
The study protocol adhered to the ethics guidelines of the 1975 Declaration of Helsinki, and the study was approved by *Address correspondence to this author at the Department of Orthopaedic Surgery, Faculty of Medicine, Saga University, Nabeshima 5-1-1, Saga 849-8501, Japan; Tel: +81-952-34-2343; Fax: +81-952-34-2059; E-mail: sonohata@cc.saga-u.ac.jp the institutional review board of the Faculty of Medicine, Saga University. The patient was informed that this case study would be submitted for publication, and she provided her informed consent.
CASE
A 53-year old female underwent cup and ball revision of a right THA due to loosening and osteolysis 17 years after primary surgery using a cementless THA (Fig. 1) . She did not take any corticosteroids and had no history of disease associated with a possibility of infection, such as diabetic mellitus, rheumatoid arthritis, liver cirrhosis, etc. No clinical signs of infection were observed prior to the revision surgery.
The laboratory findings included a C-reactive protein (CRP) level of 0.06 mg/dl and a white blood cell (WBC) count of 6,600 cells/µl. The normal value for CRP in the hospital laboratory is a CRP level below 0.3 mg/dl. During the revision surgery, after removing the ball, liner and shell, a cementless porous HA-coated acetabular component and polyethylene liner (AMS-HA acetabular shell and AMS liner; Kyocera, Kyoto, Japan) were implanted. In addition, a new metal ball (C-taper; Stryker, Mahwah, New Jersey, USA) was implanted (Fig. 2) . With respect to the intraoperative findings, no signs of infection were observed and no specimens obtained intraoperatively for culture at the time of the revision surgery.
Following the revision surgery, the patient was given intravenous cefazolin at the time of induction of anesthesia and for 24 hours postoperatively. She exhibited a routine recovery and showed no symptoms of infection until 18 months after the revision surgery.
However, the patient reported gradually worsening right hip pain. Two weeks later, she visited our institution using a wheelchair. She was febrile (38.7 °C) and had a swollen right thigh with severe pain on motion of the hip joint; however, no fistulas were evidenced. The laboratory findings included a CRP level of 22.3 mg/dl and a WBC count of 5,500 cells/µl. The patient underwent aspiration of the right hip joint for culture; however, no aspirate was obtained.
Two-stage revision surgery was planned to treat the infected THA.
The patient underwent removal of the entire THA implant. There was pus in the capsule, and cup loosening was found. The patient underwent debridement of the area around the abscess in an effort to prevent progression of the infection. The area was thoroughly irrigated using pulsed lavage with 30 liters of saline. Finally, a cement mold was inserted into the femur (Fig. 3) . The cement mold consisted of 120 g bone cement and 6 g of vancomycin. The patient was administered 1,200 mg of linezolid for 14 days. Streptococcus mutans, a Gram-positive coccus was identified in all four of the intraoperative specimens ( Table 1) . The antibiotics were subsequently changed to a combination of 900 mg of clindamycin and 1000 mg of ampicillin.
Fig. (3).
A pelvic radiograph after the implant in the right hip was removed. The cement mold was implanted. The patient was referred to the department of dental surgery at our institution for an assessment of her dental problems. The dentist diagnosed her with caries.
However, Streptococcus parasanguinis, a resident of the flora of the oral cavity was identified only in specimens obtained from the patient's mouth. The laboratory findings related to infection were all within the normal ranges, and the patient underwent revision total hip arthroplasty eight weeks after the implant removal.
The operation was performed using an HA-coated cementless femoral component, an HA-coated cementless acetabular shell, a polyethylene liner and a zirconia ball (Kyocera, Kyoto, Japan).
A morselized allogenic bone graft was packed on the floor of the acetabulum (Fig. 4) .
Following completion of the total revision surgery, the patient continuously received oral antibiotics consisting of 900 mg of clindamycin and 1000 mg of ampicillin for six months.
Fig. (4).
A pelvic radiograph taken after the re-revision. The right hip components were implanted again.
The last follow-up occurred approximately 23 months after the total revision surgery, at which time, all laboratory findings indicative of infection remained well within the normal limits, no clinical signs of infection were noted and the prosthesis appeared to be well fixed radiographically. The patient is currently able to walk without a cane.
DISCUSSION
Infections of sites of total hip or knee arthroplasty due to hematogenous seeding of oral bacteria are very rare [11] . However, Maderazo et al. reported that oral bacteria are the cause of 15% of late infections of joint prostheses [3] . Several kinds of oral bacteria have been reported to be the causes of late infection following joint arthroplasty, many cases of which are due to Streptococcus viridans [8, 12] . The Streptococcus mutans identified in the current case is a bacterium that causes dental caries; however, it is not a normal inhabitant of the mouth.
There are few reports of late infections of joint prostheses due to Streptococcus mutans [12] . In addition, many of the cases demonstrating late infections at the sites of joint prostheses due to oral bacteria occurred following such dental procedures as tooth extraction, periodontal scaling and endodontic surgery [8] .
This is the first report of a late infection due to Streptococcus mutans following total hip arthroplasty in a patient without a history of dental procedures.
Although the use of antibiotic prophylaxis prior to dental procedures has been advocated in many reports in order to protect patients against periprosthetic joint infection [3-5, [13] [14] [15] , this practice is controversial.
In contrast, Lockhart et al. [16] studied bacteremia in the context of tooth brushing and dental extraction and reported that simple tooth brushing provoked bacteremia in 32% of patients, which suggests that a typical patient is exposed to more than 200 episodes of bacteremia per year. In addition, Assael [17] reported that only a small proportion of cases of bacteremia originating from an oral source is associated with dental treatment and that it would not be reasonable to recommend that millions of patients be medicated at enormous cost simply based upon the findings of a few case reports.
There are several types of national guidelines/recommendations concerning the use of antibiotic prophylaxis before invasive dental procedures in patients undergoing joint replacement [7, 11] . These recommendations are controversial. Some guidelines recommend appropriate antibiotic prophylaxis; however, they do not recommend the use of such prophylaxis in healthy patients with joint prostheses. The administration of antibiotic prophylaxis prior to dental treatment is recommended in patients with diabetes mellitus, rheumatoid arthritis, hemophilia or malignancy or those undergoing invasive dental treatment [7, 11] .
In contrast, some guidelines do not recommend the use of antibiotic prophylaxis.
In 2003, The American Dental Association (ADA), in collaboration with the American Academy of Orthopedic Surgeons (AAOS) [2] , issued an advisory statement recommending the use of antibiotic prophylaxis in patient with certain conditions, such as previous infection of an artificial joint, diabetes mellitus and others. However, in 2009, the AAOS [7, 11] stated that all patients with a history of total knee or hip arthroplasty are at an increased risk for bacteremia following dental procedures thus are considered to require antibiotic treatment prior to undergoing invasive dental procedures.
In addition, the most recent statements of the AAOS and ADA [18] issued in 2012 include the following three recommendations:
1.
The practitioner may consider discontinuing the practice of routinely prescribing prophylactic antibiotics for patients with hip and knee prosthetic joint implants undergoing dental procedures.
2.
We are unable to recommend for or against the use of topical oral antimicrobials in patients with prosthetic joint implants or other orthopedic implants undergoing dental procedures.
3.
In the absence of reliable evidence linking poor oral health to prosthetic joint infection, it is the opinion of the work group that patients with prosthetic joint implants or other orthopedic implants maintain appropriate oral hygiene.
These recommendations reflect significant changes in the guidelines.
The current case suggests the possibility of hematogenous infection of joint prostheses in patients without a history of dental procedures and highlights the controversy surrounding the use of antibiotic prophylaxis prior to dental procedures. It is important to realize that the efficacy of antibiotic prophylaxis against joint infections has not yet convincingly been proven. Optimal dental hygiene and regular dental visits may be more important than antibiotic prophylaxis in maintaining joint health. Therefore, orthopedic surgeons should educate patients with joint prostheses about good oral health.
CONCLUSION
Our report described a case of hematogenous infection of a hip prosthesis caused by oral bacteria. The incidence of such infections is not high; however, orthopedic surgeons are often asked to provide antibiotic prophylaxis for dental procedures by patients. Clinicians should reduce the use of unnecessary antibiotic prophylaxis. Treatments and procedures applicable to individual patients rely on mutual communication between the patient, physician, dentist and other healthcare practitioners. Realistically, orthopedic surgeons should prescribe antibiotic prophylaxis as appropriate after obtaining adequate informed consent.
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